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Goals

Obtain physical and astrometric observations of (a) spacecraft targets to support mission

operations, (b) known asteroids with unusual orbits to help determine their origin, and (c) newly

discovered minor planets (including both asteroids and comets) that represent a particular

opportunity to add significant new knowledge of the Solar System.

Observations and Data Analysis

Priority was given to the acquisition and analysis of observations of spacecraft targets, including

(951) Gaspra and (243) Ida, both flyby targets of the Galileo spacecraft, (1620) Geographos, a

flyby target for the Clementine spacecraft, (253) Mathilde and (433) Eros, both targets of the

NEAR spacecraft, (4660) Nereus, a target for both the MUSES-C and NEAP missions, P/Wild 2, a

target for the Stardust mission, and P/Wirtanen, a target for the Rosetta mission. Although the

observations of Gaspra were obtained under an earlier grant, the analysis and publication of those

data continued under this grant. Observations of Ida included both lightcurve data that were

combined with similar data obtained by others to develop a pre-encounter shape and spin axis

orientation model, thermal infrared data to determined a radiometric size and geometric albedo

for the asteroid, and astrometry to assist with the spacecraft navigation effort, which had been

compromised by the high-gain antenna problem. Although Clementine did not succeed in getting

to Geographos, a wealth of new ground-based lightcurve observations, including some obtained

with support from this grant, were used to develop a shape and spin model for the asteroid,

comparable to the one done for Ida. One set of colors were obtained for Mathilde, and some

critical astrometry was acquired shortly after solar conjunction, just before the encounter. No

new colorimetric data were obtained for Eros, though lightcurve data were extracted from the

Eight Color Asteroid Survey archive and provided to A. W. Harris (JPL) for inclusion in a paper

presenting his own observations of Eros; some new astrometric observations of Eros were

acquired. Considerable effort was expended to observe Nereus, for which no previous physical

observations existed. The 1992-1993 apparition was the most favorable for the remainder of the

decade, and the colors obtained at that time favored the X spectral classification (the E, M, and P



classesarespectrallydegenerateandseparateon thebasisof geometricalbedo,whichremains
unknownfor Nereus),raisingthepossibilitythatNereusis anickel-ironobject. During theless
favorable1997apparition,observationsof therotationallightcurvewereacquired.Thelarge
brightnessvariation (in excessof 1magnitude)showedNereusto beanelongatedobject,rotating
ratherslowly (periodof about15hours). If theobjecthasahighalbedo,andthereforea smaller
sizethancurrentlyestimated,its timescalefor dampingto astateof principalaxisrotationcould
becomparableto its lifetime,sotheseobservationshaveraisedthepossibility thatNereusis
tumbling. Observationsof P/Wild 2 consistedof afew imagesto monitor activity, while theonly
observationsof P/Wirtanenwereto attemptrecovery.

Thetwo mostexcitingobjectsthatfell into thetargetof opportunitycategorywere(5145)Pholus
(designatedas1992AD atthetime of discovery)andcometP/Shoemaker-Levy9. Colorimetric
observationsof Pholuswith theIRTF led to thediscoverythatPholusis thereddestasteroidin
theSolarSystemover thevisible to near-infraredportionsof thespectrum,andalsoledto the
creationof anewZ taxonomicclass.Higher resolutionspectralobservationsobtainedwith the
UKIRT identified someabsorptionfeaturesin thenear-infraredthatcolleagueshavebeen
modelingfor sometime. Observationsof P/Shoemaker-Levy9 fell into two categories.First
weretheastrometricobservations,usedto helprefinethetimesof impact. In fact,wewereable
to providethevery lastsetof astrometricpositionsfor someof thefragments,quitecloseto
Jupiter,thanksto theexcellentconditionsatMaunaKeaObservatory.Secondwassome
high-speedphotometryintendedto observereflectionsof theflasheventsoff asuitablyplaced
Galileansatellite. Fourof the impacteventsoccurredwithin theobservationwindow for Mauna
Kea. Poorweather(includingahurricanefor oneof them)precludedobservationsof two of the
events.A third wasobservedin verystrongtwilight, whileexcellentdatawereobtainedfor the
fourth, thoughin nocasewasadetectableflashsignalobviousin thedata.

In theunusualasteroidcategoryareprimarily theEarthapproachingandtrans-Neptunian
populations.Colorimetryof numerousnear-Earthasteroidswasobtained;mostof thesedataare
beingincorporatedinto doctoralcandidateRobertWhiteley's thesis,which iscurrentlyslatedfor
completionin thesummerof 1999.Selectedobservationshavealreadybeenpublished,suchas
for 1996JA1andGeographos,whentherewasanopportunityto combineresultswith those
obtainedby others. Astrometricobservationsof thenewlydiscoveredandunnumbered
near-Earthasteroidshaveroutinelybeenreportedto theMinor PlanetCenter.Objectsfor which
observationshavebeensecuredinclude:

(1036)Ganymed (3671)Dionysus (4954)Eric
(1620)Geographos (3752)Camillo (5143)Heracles
(1864)Daedelus (3753)Cruithne (5189)1990UQ
(1980)Tezcatlipoca (4015)Wilson-Harrington (5332)1990DA
(2059)Baboquivari (4179)Toutatis (5604)1992FE
(2062)Aten (4183)Cuno (5626)1991FE
(2102)Tantalus (4197)1982TA (5646)1990TR
(2201)Oljato (4341)Poseidon (5653)1992WD5
(3102)Krok (4660)Nereus (5693)1993EA
(3200)Phaethon (4953)1990MU (5751)Zao



(5786)Talos (8176)1991WA 1993VC
(5836) 1993MF (8201)1994AH2 1993WD
(5863)Tara (9058)1992JB 1994AWl
(5879) 1992CH1 1990BA 1994GY
(6053) 1993BW3 1990SB 1994LW
(6063)Jason 1991BB 1994NE
(6455) 1992HE 1991VH 1994QC
(6489)Golevka 1992BF 1994TF2
(6569) 1993MO 1992BL2 1996FG3
(6611) 1993VW 1992CC1 1996XW1
(7025) 1993QA 1992JE 1997BQ
(7350) 1993VA 1992SL 1997BR
(7480)Norwan 1992WR4 1997MW 1
(7482) 1994PC1 1993BX3 1997NC1
(7753) 1988XB 1993DA 1997QK1
(7822) 1991CS 1993DC 1997RT
(7839) 1994ND 1993KA 1997US9
(7888) 1993UC 1993KH 1997VM4
(7889) 1994LX 1993QP 1998BY7
(7977) 1977QQ5 1993TQ2 1998BZ7
(8034) 1992LR 1993UB 1998BB 10

(4179)Toutatiswasaparticularlyinterestingtarget. Thecombinationof Ostro'sradarimages
andtheground-basedphotometryconclusivelyshowthisobjectto betumbling.

Colorimetric observationsof Centaursandtrans-Neptunianobjectshaveprovento be themost
snake-bitof theprojectscoveredbythis grant,in termsof notgettingphotometricweather.
Fortunately,it's beenpossibleto extractastrometryonsomeof thenon-photometricnights,so
thework hasn'tbeenatotal loss.A runon theESONTT (in collaborationwith M. A. Barucci)
mayhavebeenthemostsuccessfulof theattemptssofar, andthosedatahaverecentlybeen
submittedfor publication. Objectsfor which somedatahavebeenacquiredinclude:

(2060)Chiron 1994GV9 1996TO66
(5145)Pholus 1994JR1 1996TP66
(7066)Nessus 1994TB 1997CQ29
(8405) 1995GO 1994VK8 1997CR29
1992QBI 1995DA2 1997CT29
1993FW 1995DW2 1997CU29
1993RO 1995QY9 1997CV29
1993RP 1995YY3 1997CW29
1993SB 1996RQ20 1997QH4
1993SC 1996TL66 1997RY6
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Astrometry and/or orbit computations for minor planets and/or comets have been published in the

following Minor Planet Circulars (note that in late 1997, astrometry of asteroids was moved to a

Supplemen t):

MPC 31340 (1998) MPC 28177 (1996)

MPC 31339 (1998) MPC 26840 (1996)

MPS 565 (1998) MPC 26491 (1996)

MPC 31196 (1998) MPC 26263 (1996)

MPS 453 (1998) MPC 25995 (1995)

MPS 464 (1998) MPC 25994 (1995)

MPC 31061 (1998) MPC 25792 (1995)

MPS 286 (1998) MPC 25691 (1995)

MPS 287 (1998) MPC 25677 (1995)

MPC 30838 (1997) MPC 25482 (1995)

MPS 174 (1997) MPC 25462 (1995)

MPC 30562 (1997) MPC 25372 (1995)

MPC 30349 (1997) MPC 25020 (1995)

MPC 30146 (1997) MPC 25019 (1995)

MPC 30145 (1997) MPC 24967 (1995)

MPC 29992 (1997) MPC 24037 (1994)

MPC 29991 (1997) MPC 23904 (1994)

MPC 29738 (1997) MPC 23819 (1994)

MPC 28979 (1997) MPC 23818 (1994)

MPC 23720 (1994)

MPC 23719 (1994)

MPC 23707 (1994)

MPC 23706 (1994)

MPC 23703 (1994)

MPC 23701 (1994)

MPC 23700 (1994)

MPC 23583 (1994)

MPC 23582 (1994)

MPC 23022 (1994)

MPC 22850 (1994)

MPC 22632 (1993)

MPC 22304 (1993)

MPC 22145 (1993)

MPC 22008 (1993)

MPC 21692 (1993)

MPC 19594 (1992)



Critical astrometricobservationshavebeenpublishedon thefollowing Minor Planet Electronic

Circulars:

MPEC 1998-B31 (1998) 1998 BR26

MPEC 1997-R15 (1997) 1996 SZ4

MPEC 1997-R14 (1997) 1996 RQ20

MPEC 1997-R10 (1997) 1997 RT

MPEC 1997-P08 (1997) 1997 NC I

MPEC 1997-C10 (1997) 1997 CD17

MPEC 1996-K03 (1996) 1996 JA1

MPEC 1995-X02 (1995) 1995 WL3

MPEC 1995-M06 (1995) 1995 LG

MPEC 1995-M05 (1995) 1995 LE

MPEC 1994-V04 (1994) 1994 TA

MPEC 1994-T11 (1994) 1986 DA

MPEC 1994-M05 (1994) Periodic Comet Shoemaker-Levy 9 (1993e)

MPEC 1994-L06 (1994) 1994 GV9

MPEC 1994-D07 (1994) Periodic Comet Shoemaker-Levy 9 (1993e)

MPEC 1994-D06 (1994) 1994 CB

MPEC 1994-D02 (1994) Periodic Comet Shoemaker-Levy 9 (1993e)

Items of particular urgency have

Union Circulars:

IAUC 6764

IAUC 6402

IAUC 6264

IAUC 6030

IAUC 5983

IAUC 5698

IAUC 5434

1997 Oct 31

1996 May 18

1995 Nov 18

1994 Jul 20

1994 May 3
1993 Jan 27

1992 Jan 23

been published on the following International Astronomical

Satellites of Uranus

1996 JA 1

Comet 45P/Honda-Mrkos-Pajdusakova

Periodic Comet Shoemaker-Levy 9 (1993e)

1993 SC

(5145) Pholus

1992 AD
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